in the National Gallery and the Tate Gallery in London, and in many other places all over the world.
Gleb was a solitary child, interested in mysticism and fond of discussing abstract matters with grown-up peopl^. He never liked sport, but was devoted to music. He studied Latin and Greek in a gymnasium and was awarded a gold medal, but his mind was chiefly occupied at this time by what was called in Russia 'the Quest for Truth'. He sought to penetrate the mysteries of creation and was encouraged by an aunt to follow the teachings of a bizarre prophet who interpreted modern events as the fulfilment of prophecies to be found in the Bible. He fervently studied the scriptures in the hope of finding new meanings in obscure passages and discussed religion with bishops, but did not find happiness or satisfaction in this quest.
Under his father's influence, when the time came, he entered St Petersburg University, as a student in the Faculty of Science, but without losing contact with his mystical friends who were devoting themselves to the study of spiritualism. The rational atmosphere of the science faculty must have produced conflicts in his mind and he failed in his first examination. This was a great blow to his pride, and he became so nervous that he was sent to Germany; he returned after a few months, sound in mind and body and prepared to devote himself to science. He entered the Medical Academy where he met Professor I. P. Pavlov and became his devoted pupil and friend. He abandoned mysticism for ever and spent less time on music, although as a young man he had shown real talent as a pianist and even as a composer. While he was still a student in 1912, 'Ivan Petrovitch' sent him to visit Starling in London in order to demonstrate to him the effect of vagus stimu lation on the secretion of pancreatic juice and to learn the method of prepar ing secretin. He already spoke tolerable English and became fluent during that and two similar visits in the next two years. In later years he was a master conversationalist in the English language, and also spoke French, German, Italian and Arabic.
The third visit to London was cut short by the outbreak of war in 1914 and he hastened back to Russia with his brother Boris, who had been working on mosaics in London. He qualified as a doctor in 1915 and immedi ately joined the army and took an active part in the war. He was twice wounded and was awarded the St George Cross, which could only be won by feats of outstanding bravery. The company in which he served as a doctor had been almost completely surrounded and all the combatant officers were killed. Anrep took command and led his company by day and night through swamps and forests to safety.
When the revolution broke out in 1917 he joined the White Russians under Denikin; he was captured but escaped again and fought on till the end. He came to London with his first wife, Olga Volkova and was appointed assistant in the department of physiology at University College London, under Starling.
Years afterwards, in the preface to his Lane Lectures (1936) Anrep wrote 'Pavlov's personality and that of my later teacher, Starling, had equally dominating influences upon my development as a physiologist, and I think this preface is the most fitting place in which to express my deep regard for these two gallant men of science. Strikingly different in their general tempera ment, they were alike in the completeness with which they experienced the unbounded joy of scientific discovery. The Pavlov of digestion was a physio logist of the old school; the Pavlov of conditioned reflexes one could almost say was a physiologist of the future; and Starling was a physiologist of the transition stage between the old physiology of observation and the present physiology of scientific analysis. I humbly hope that in my work . . . I have been able to live up to the high principles which guided my two teachers.' Anrep threw himself with enthusiasm into his new life in London. He was a skilful operator and soon learned to make heart-lung preparations quicker than anyone else. He was a vivid teacher and an accomplished lecturer. He won the Sharpey-Schafer prize, and the W. Mickle prize and gave the Sydney Ringer lecture. His only son, John, was born in London in 1922, educated in England and married an English wife and now works in a laboratory as an industrial research worker in Manchester.
In 1925 Gleb Anrep moved to Cambridge as lecturer and acquired British nationality. He was always proud of this and clung to it later in Egypt when it might perhaps have been wiser to change his nationality again. 'We British', he said, 'do not do that sort of thing.' He was elected F.R.S. in 1928 at the early age of 37.
He was never happy in Cambridge, where his wife died suddenly. He must have welcomed the invitation to go to Kasr el Aini, Cairo as Professor of Physiology and accepted this offer after visiting Egypt as external examiner in June 1930. He married a distant cousin Dina von Anrep and they went out together in 1931, but they were not happy for very long and the marriage was eventually dissolved.
The warmth and colour of Cairo suited him and he learned to speak fluent Arabic. He understood the Egyptians better than most foreigners and was fond of visiting the bazaars and drinking coffee with the merchants for hours on end until he had got what he wanted at a low price.
He bought an open two-seater Ford car with a dickey and drove it all over Egypt for nearly a quarter of a century. He made exciting trips across the desert, and did not always obey the rule which says that a single car must not be separated from other cars. One day, he became impatient and drove ahead until he was lost in the desert and got stuck in sand 100 miles from help. He spent the whole of one day, from sunrise to sunset, getting his car on to firm ground. He used to say that there were thirteen ways of getting out of sand and that he tried them all.
He was an enthusiastic philatelist and he won a prize for his collection of Egyptian stamps which was said to be one of the finest in the world. He had an arrangement with various postal officials in Cairo through which he got early information about mistakes in printing and other new kinds of stamp and published accounts of his findings in philatelic journals. He used to' boast that some kinds of stamp were known as the Anrep variations. He had one stamp which even the King of Egypt did not have and he kept it con cealed in a bottle in his laboratory.
He married Ida, the widow of an Italian in Cairo and lived very happily with her for a few years, but she died as the result of a bite from a mad dog and he had a bad nervous breakdown for which he was treated in hospital. As the result of a dream, his wife's sister Annie Wieninger came out from Italy to Cairo to look after him and eventually married him. She is an anthroposophist and a follower of Rudolf Steiner and she survives him. Anrep had no sympathy at all with the philosophical interests of his wife and did not hesitate to say so. The mysticism of his early years had evidently not been merely forgotten; it had been repressed.
Anrep was undoubtedly happy in Egypt and the main cause of his happi ness was that he was head of a well-equipped laboratory with good facilities for research. He hoped to create in Egypt a school of physiology like that of Pavlov or Starling and he succeeded in inspiring his staff with love and respect and enthusiasm for scientific work. They often worked all day and then worked on all through the night and Anrep was always ready to do his share of the duller tasks as well as providing most of the drive and most of the original thought. When a series of experiments had given a clear result he would say 'It is time to think' and summon his colleagues together for discussions which might last hours and might last days. 'It is better to criticize our experiments if we can before others do so.' When new discoveries were made the whole team celebrated the occasion by spending an amusing night in the town. His colleagues soon learned that when they were asked 'How is life ?' the proper reply was an account of the results of their experiments.
Anrep believed that the only thing that really mattered in the education which might be acquired by attending a university was enthusiasm for research. He used to say that it was only by taking an active part in a discovery that a real knowledge of science could be acquired, and he per suaded the University of Cairo to insist that a thesis should form part of the examination for any postgraduate degree in medicine; in surgery a thesis would exempt the candidate from a part of the examination. He believed that anyone who could do research was bound to be able to excel as a teacher provided that he would take the trouble. He himself was a first-class lecturer.. He spoke fluently with great vigour and never lost the thread of his theme. At the beginning of every lecture he invited questions and derived obvious pleasure from answering intelligent ones.
He spent time in teaching his assistants how to teach. He told them that the best lectures contained few facts, but that these facts were presented in an integrated story. His teaching was not systematic, but he discussed physio logical problems with his students and left them to work out the details themselves.
Some students of course were more interested in other things and apt to-22 Biographical Memoirs behave badly during lectures when there was excitement in the streets. On one occasion, he interrupted his lecture to say thet he hoped that those students who wanted to wave flags would leave the theatre, so that those who were interested in physiology might hear what he had to say. This suggestion was thought to be a good one and about half the students went out. On another occasion there was fighting in the medical school and Anrep was injured.
In 1952, Anrep was a victim of the nationalist rising under General Neguib. He lost his position in the University and was not allowed to continue his scientific work or even to visit his laboratory. For the second time his work had been interrupted by a revolution.
He was invited to attend meetings arranged by the Ciba Foundation in April 1955 in London, and to take the chair at a public discussion on hista mine, but he wrote to say that he was no longer in touch with recent work and did not feel justified in accepting the invitation. When pressed he agreed to come to London for these meetings, but he had a heart attack and then died ten days later in a second attack on 10 January 1955. Flis death must have been due to disease of the coronary vessels, about which he knew more than any other man.
W ork
Anrep's first original research was carried out in London and published when he was 21. Bayliss had found that a rise of blood pressure, due to stimulation of the splanchnic nerve or of a sensory nerve or asphyxia, was followed by a second rise, and concluded that the blood vessels had the intrinsic property of contracting in response to a stretch. At the time when this work was done, however, it was not known that adrenaline might be released from the adrenals by the splanchnic nerves. Anrep repeated these experiments after adrenalectomy, and recorded not only the blood pressure, but also the volume of a limb and the rate of the heart. He was thus able to show that the second rise of blood pressure was due to the release of adrena line. Bayliss's conclusion about the response of plain muscle to a stretch was ill-founded, but there are now other reasons for believing it was correct.
Anrep also observed that in the absence of the adrenals arrest of the circulation led to vasodilatation and obtained some evidence that this was due to the release of metabolites. This was not the first evidence of reactive hyperaemia, but it showed the phenomenon in a new and clear way and aroused Anrep's interest in a problem to which he returned over twenty years later.
Anrep had come to London to demonstrate Pavlov's discovery that stimulation of the vagus caused a flow of pancreatic juice. Pavlov had also observed a decrease of flow in certain conditions, and concluded that the vagus contained both excitor and inhibitor fibres to the pancreas. Anrep confirmed the facts but not their interpretation. He put the pancreas in a plethysmograph and found that the decrease of flow was accompanied by an increase in the volume of the gland. After excluding vasomotor effects, he concluded that the decrease of flow was due to constriction of the ducts and this conclusion is now generally accepted, although Pavlov did not like it and continued to believe that better evidence of the existence of inhibitor nerves to the pancreas would eventually be found.
Anrep played an important part in introducing conditioned reflexes to the western world. In the spring of 1924, Pavlov gave a series of 23 lectures in the Military Medical Academy in Petrograd in which he summarized the work of nearly 25 years on the activities of the cerebral hemispheres. These lectures were taken down by a stenographer, but the result was not entirely satisfac tory and Pavlov devoted his leisure during more than 18 months to their revision. The Royal Society arranged for the publication of an English trans lation of the resulting book, and Anrep was made responsible for this. In the preface of this book Pavlov expresses his gratitude to the Society and to his 'young friend Dr Anrep, formerly an active collaborator in the work described in these pages'. This was the first systematic account of conditioned reflexes in English and much thought was needed to find suitable equivalents for a large number of new technical terms which had been invented in Russia to describe new ideas. Pavlov had also written another book called Twenty years of objective study of the behaviour of animals which was translated into English by W . Horsley Gantt and published in America in 1928.
Anrep himself published five papers on conditioned reflexes-three in Russian and two in English. The first English paper, published in 1920, dealt with pitch discrimination in the dog. Various Russian workers had found that dogs had very acute powers of hearing and that some of them had a sense of absolute pitch which enabled them to discriminate notes differing by a quarter of a tone. Johnson, in a paper published in Behaviour Monographs in 1913 had failed to find any such thing, but his methods were very different. Anrep confirmed the Russian results and discussed the reasons for the differ ence of conclusion. He took the opportunity to describe the Russian technique in some detail and to draw attention to the advantages of experiments on saliva in which all extraneous stimuli are eliminated over experiments in which a dog is released from a cage and looks for food in alternative places.
His other English paper deals with data which he had already published in Russia. The conditioned stimulus was a tactile stimulus applied to the skin of one spot on the thigh. Other parts of the body gave lesser responses and the size of the response depended on the distance from the original spot. This irradiation of the reflex depended on the pause between the conditioned stimulus and the unconditioned stimulus. One remarkable feature of these results was that symmetrically situated points on the right and left side of the dog gave identical responses, even though the reflex was only formed on one side.
Much of Pavlov's work on conditioned reflexes depended on records of the flow of saliva and when Anrep settled down to work in England he studied the metabolism of salivary glands in some detail. Between 1921 and 1924 he published half-a-dozen papers on this subject with various collaborators in the Journal of Physiology. He measured the glucose consumption of resting glands and showed that it was increased during activity. This increase stopped when secretion stopped and did not continue during the recovery period as did the increased oxygen consumption. Moderate doses of atropine might suppress secretion completely without suppressing the consumption of glucose. After prolonged stimulation the gland took several days to recover. The rate of recovery was not affected by the administration of atropine, but was actually accelerated by excision of the superior cervical ganglion, from which sympathetic nerves run to the gland. This result gave no encouragement to those who believed that the sympathetic nerves had a 'trophic' influence on the salivary glands. All this work was sound enough, but it cannot have given much satisfaction to Anrep's fondness for dramatic results.
In 1925, Anrep and Starling published the results of an investigation of some of the factors controlling the rate of the heart. According to Marey's Law an increase of blood-pressure was known to cause a slowing of the pulse. Anrep and Starling studied the mechanism of this response by perfusing the head and neck of one dog by means of a heart-lung preparation made from another dog. These experiments seemed to show that the heart rate was not affected by changes of pressure in the head, but depended on the pressure in the rest of the body. At the same time, Heymans in Ghent was studying the same phenomenon by a similar technique except that the circulation to the head came from a whole dog instead of from a heart-lung preparation. He came to exactly the opposite conclusions and both groups of workers must have felt anxious to discover the truth as soon as possible. Starling was a sick man and Anrep worked with Segall, using what was essentially two heartlung preparations, one of which pumped blood to the head and neck from which the vagus of the second heart-lung preparation ran. Heymans also modified his technique and eventually both groups discovered that both groups had been right in their positive findings and wrong in their negative findings. Reflexes arise both in the arch of the aorta and in the carotid sinus and the heart may be slowed by either reflex. Heymans recognized the importance of the carotid sinus and continued the work which led to the award of the Nobel prize to him in 1938. Anrep was diverted to work on the coronary vessels which occupied most of his attention between 1926 and 1933. He devoted much work to the study of the rate of flow of blood through these vessels during the different parts of the cardiac cycle and introduced new techniques for this purpose. The changes in electric resistance in a hot wire due to movements of air over it had been used in war to locate guns by recording the arrival of sounds, and by A. V. Hill to follow the propagation of pulse waves in arteries. Anrep calibrated this hot wire anemometer and used it to follow the flow of air through tubes connected with reservoirs of blood and so got records of quick changes.
When one of the coronary vessels was perfused at constant pressure the rate of flow was much decreased during the early part of systole and Anrep attributed this to the direct mechanical effect of the contraction of the cardiac muscle. Under normal conditions this increased resistance of the heart to the flow of blood through the vessels during systole must be to some extent over come by a simultaneous increase of the pressure in the aorta, but direct measurements showed that even so the flow of blood was diminished during systole, and in strongly beating hearts Anrep sometimes observed a reversal of the flow; the cardiac muscle appeared to force the blood back into the coronary artery. The reality of this phenomenon was confirmed by inserting a valve, which prevented the backward flow and thus increased the net forward flow of the blood.
Similar methods were applied to the rate of outflow of blood from the coronary sinus during the different stages of the cardiac cycle. He found that the blood came out in three waves corresponding in time with auricular systole, with isometric ventricular systole and with the contraction of the ventricle. The last wave was attributed to the mechanical effect of the contraction of the muscles forcing blood out of the heart. These results were disputed, particularly by Hochrein who believed that systole favoured the flow of blood through the coronary vessels. Anrep (1936) was not convinced and said that 'the observations of Hochrein were due to some grave errors in his technique . However, he also said (1933) We refrain from any polemical discussion of this problem, as we prefer to subject the question to a still further experimental test. ' Since the hot wire had been criticized, he recorded the quick movements of the blood by photographing the movements of a drop of mercury m a tube. When the coronary artery was perfused at constant pressure the results with this new apparatus agreed satisfactorily with the results with the hot wire, but when the artery received a pulsatile flow of blood from the aorta the droplet of mercury showed not only the expected movement towards the heart during diastole, but also a small movement in the same direction during systole. A lesser man might have supposed that Hochrein was perhaps right after all, but Anrep did not think this, and came to the conclusion that the results were due to the filling up of the larger coronary arteries and did not indicate a real flow of blood to the heart. He confirmed this theory by inject ing lycopodium seeds, which blocked the capillaries completely, so that the flow of blood through the heart stopped, but the heart continued to beat for a short time and during this time the small movement of the mercury droplet toward the heart during systole continued to take place.
With the help of his very competent technician, Mr F. W. King in Cairo, he devised a machine which drove the heart at constant speed and could be made to clamp the flow to the coronary vessels for brief intervals at any stage of the cardiac cycle. He showed that clamping during diastole decreased the total flow, but clamping during systole had little or no effect on the total flow. This confirmed his view that there was little or no flow during systole.
In the face of all this evidence few continued to doubt that Anrep was correct in his views on this point; but it was said that much of his woik had been done with heart-lung preparations and that conditions were different in the whole animal. Anrep applied similar techniques to the heart under more physiological conditions and got similar results.
These academic questions of the quick changes in different parts of a single cardiac cycle have no obvious direct relation to the question of the total amount of blood flowing through the coronary vessels per minute, and this is what matters for the welfare of the heart. Anrep was especially interested in this because of its relation to diseases of the coronary vessels and devoted much work to it. He showed that in the isolated heart-lung preparation the total flow was directly dependent on the mean pressure in the aorta and was not affected by changes in the pulse pressure. It was not much affected by the frequency of the beat or by changes in the output of the heart. When the heart was in its normal place in the body the coronary flow was dependent on vasomotor reflexes. The results of previous workers were sometimes contradictory, but Anrep's experiments led him to definite conclusions. Stimulation of the vagus constricted the vessels. Stimulation of the sympa thetic dilated them. A rise of pressure in the carotid sinus constricted the coronaries through a reflex and so tended to counteract the rise of flow due to increased aorta pressure seen in the heart-lung preparation. An increase in the output of the heart caused reflex coronary dilatation which Anrep believed to be due to a mechanism like that which controlled the heart rate, according to the work of Bainbridge. He got evidence that this effect was due to a decrease of the tonic vasoconstrictor effect of the vagus.
In connexion with this work Anrep did some of his most dramatic experi ments. It was possible in Egypt to revive human hearts very soon after death, and in his Lane Lectures (1936) he gives a brief account of a number of experiments with human heart-lung preparations, which continued to beat well for over four hours. He perfused the coronary vessels at constant pressure, collected blood with a Morawitz cannula in the coronary sinus, and so showed that many of his conclusions about dogs' hearts were also true about human hearts. He showed that the human coronaries were dilated by adrenaline, caffeine, sodium nitrite, papaverine and adenosine and con stricted by posterior pituitary extract.
In the same lectures he described experiments on dogs, in which he first established collateral circulation between the surface of the heart and the triangularis sterni muscle, and then eventually tied both the right and left coronary arteries. Some of these dogs ran about the laboratory in an appar ently normal state for months after their operations. This work was inspired by an autopsy on an Egyptian in whom a similar collateral circulation had developed without the aid of surgery, and who had been able to do heavy work in spite of severe coronary disease. When he visited America in 1935 to give the Lane Lectures Anrep met Dr Beck of Cleveland who had done similar experiments, and who later carried out a similar operation on man for the relief of coronary disease. This operation was popular for a time, but the benefits derived from it were not very obvious and it is seldom done now. 28 In the last of the five Lane Lectures Anrep describes investigations of the circulation in voluntary muscles by the methods which had been successful in the study of the circulation in the heart. Gaskell had found in 1877 that tetanic contraction of a muscle had three effects on the venous outflow-an initial increase, which was attributed to compression of the blood vessels, a decrease of flow during the contraction and a second increase which was thought to be due to the release of vasodilator substances. Rein of Gottingen had studied this same problem by recording the flow through the artery with his thermostromuhr, and came to the conclusion that during the actual con traction of the muscle the flow was not decreased, as GaskelPs results seemed to show, but increased; this was consistent with the observations of Spalteholz on the anatomy of the circulation. Anrep criticized Rein's technique on the grounds that his apparatus was slow to respond and apt to give misleading results, and that the flow to the whole leg was recorded so that the results may have been complicated by changes in the flow through the skin. It was natural to expect that the contraction of voluntary muscle would have the same effect on the flow as the contraction of cardiac muscle and Anrep studied this question experimentally by the same methods. He ligated all the blood vessels except those going to one muscle and perfused that muscle at constant pressure recording the arterial inflow with a hot wire. He thus showed clearly that the immediate effect of contraction of voluntary muscle was an increased resistance to blood flow, whether the muscle was stimulated directly, or through its nerve, or reflexly. Rein said that such results were due to the fact that the stimulus which was applied to the motor nerves also stimulated the sympathetic vasoconstrictor nerves. Anrep marshalled much evidence against this view-the effect was too rapid; it was not antagonized by ergotoxine; it was easily abolished by curare; it occurred when the muscle contracted reflexly; and lastly, it still occurred when the influence of the vasoconstrictor nerves was excluded by degenerative section.
These results justified the conclusion that the direct effect of contraction of voluntary muscle was the same as the direct effect of contraction of cardiac muscle and he proceeded to study the secondary vasodilatation. A Dewar flask was fixed over a dog's leg, and taps were provided, so that blood could be made to flow into this flask either from the artery or vein. It could then be driven by air pressure into the artery, while the outflow from the vein was recorded with a hot wire. Contraction of the muscle was followed by hyperaemia and the release of vasodilator substances, which could be detected by reperfusing the venous blood. This experiment was, however, only successful when the flow to the muscle was controlled with a clip; otherwise the flow increased so much that the vasodilator substances were too dilute for detection. These vasodilator substances were also detected in experiments where the artery was temporarily clamped when the muscle was stimulated, and by altering the relation between the clamping and the contraction of the muscle it was shown that the vasodilator substances were stable in the muscle for a few minutes at least. Rein had come to the conclusion that vasodilator substances were formed during the relaxation of the muscle, but Anrep obtained evidence against this view and believed them to be liberated during the contraction of the muscle. He showed, for example, that five brief tetani followed by five relaxations had no more effect than one tetanus of the same total duration and followed by only one relaxation: when blood was forced through contracting muscle, vasodilator substances appeared although relaxation did not occur till after the blood was collected.
It has long been supposed that vasodilatation of the type studied in these experiments is due to acid metabolites such as C 0 2 and lactic acid. The discovery of more active vasodilators such as histamine suggested another possibility, since it was difficult to believe that such substances played no part at all in the local adaptation of the blood vessels. An opportunity of investi gating this possibility arose at the right moment since Barsoum and I dis covered the normal presence of histamine in blood and worked out a method of estimating it in 1934 in Cairo, while Anrep was still engaged in his experi ments on reactive hyperaemia. Anrep and I started work together and I have always regretted that my return to London prevented us from doing much. G. S. Barsoum was transferred from the Pharmacological Department to the Physiological Department and was Anrep's chief collaborator during the last 17 years of his active life.
Papers appeared which presented evidence that histamine was continuously released from both voluntary muscle and cardiac muscle and that the rate of release was increased when the muscles did work. Workers in other countries have failed to confirm this particular result and in spite of much more work in Egypt on this problem the reason for this failure is still unknown.
During the next ten years Anrep and his collaborators made three major contributions to our knowledge of the behaviour of histamine in the body.
In 1939, they discovered that histamine was liberated from voluntary muscles by curare. This drug has been used in experiments on stimulated muscles to exclude the possibility that the histamine came from the nerves. Control experiments showed that curare was itself eff ective and this provided the first example of the group of drugs which were later studied by Macintosh and Paton and became known as the histamine liberators.
In 1941, they published evidence of the enormous increase of histaminase in the circulating blood which occurs in women during pregnancy. Some evidence that histamine was destroyed more rapidly by pregnant blood than by normal blood had been published by others, but the work of Anrep's school clearly showed its importance. Their results were published in Egypt and owing to the war their paper did not reach the laboratories of Europe and America. A full account appeared in the Journal of Physiology in 1947.
In 1944, Anrep and. his colleagues published an important paper on the excretion of histamine in urine. They devised a method of pharmacological purification involving adsorption of the histamine on charcoal and elution with acid alcohol. They tested such extracts of urine on the guinea-pig's ileum, and showed that the histamine which they contained was partly free and partly conjugated as a pharmacologically inactive compound which could be converted to free histamine by acid hydrolysis.
In order to get evidence of the meaning of this, they visited the zoo and collected urine from the animals living there. They found that the urine of carnivors (lion, tiger, leopard and cheetah) contained a high concentration of conjugated histamine (more than 3000 /zg of the base per litre) and that the urine of herbivors (rabbit, horse, donkey, water buffalo, elephant, camel, llama and anthropoid apes) contained little histamine (less than 70 /zg per litre) and that this histamine was free. A group of mixed feeders (man, cat, dog and rat) gave intermediate and variable results. The collection of the material for these experiments was not always easy and it is understood that a giraffe put its urine everywhere but in the right place.
Direct experiments on rats and dogs showed that the urinary histamine depended on the diet. When meat was given by the mouth, large amounts of conjugated histamine appeared in the urine. When histamine itself was given by the mouth about 5 per cent of it appeared as conjugated histamine in the urine. When histamine was injected, on the other hand, free histamine appeared in the urine and there was no increase in the excretion of con jugated histamine.
These results suggested that conjugation occurred either in the liver or in the intestine and later experiments, which seem to have been published only in the proceedings of the Eighteenth International Physiological Congress (1950) provided evidence against the first of these possibilities and in favour of the second. It was known that conjugated histamine had a low renal threshold and it was shown that when the renal vessels were occluded the administration of histamine by the mouth led to the appearance of large amounts of conjugated histamine in the blood plasma and no corresponding increase of free histamine. When histamine was infused into the mesenteric vein, conjugated histamine did not appear in the blood as would have been expected if the liver played much part in the conjugation. It was also shown that the inhibition of the intestinal flora with sulphonamides prevented the excretion of conjugated histamine in the urine, and it thus seemed likely that the conjugation was due to bacteria in the intestines. The meaning of the results obtained with meat is still obscure, since the amount of conjugated histamine appearing in the urine is sometimes greater than the amount of histamine originally present in the meat.
Most of these results have now been confirmed several times and their importance is widely recognized. Histamine is acetylated in the body and acetylhistamine has all the properties of Anrep's conjugated histamine. The site of its formation is still under discussion and the possibility of other forms of conjugation is not excluded. The amount of histamine appearing in the urine is comparatively small, but through the work of Anrep and his colleagues it has become possible to use it as an indirect index of histamine metabolism.
Anrep's last two papers in the Journal of Physiology appeared in 1953 and provided more evidence of the part played by the liver in histamine meta-bolism. Estimates of the amount of histamine in arterial blood, and blood from the portal and hepatic veins of anaesthetized dogs showed that hista mine was normally added to the blood by the intestines and removed by the liver. When the histamine in the systemic blood was raised by the injection of histamine or curare, both of these tissues removed histamine from the blood. Curare liberated histamine from the muscles, but not from the liver; bile salts, on the other hand, liberated histamine from the liver, but not from other tissues. When the bile duct was obstructed the blood histamine started to rise on the third day, reached a high value between the ninth and twelfth days and then declined before death. This effect appeared to be due to the effect of bile salts on the liver. These results show that Anrep never lost his originality and his ability to carry experiments through to stimulating conclusions.
During the last ten years of his life Anrep published half-a-dozen papers on Ammi visnaga. This umbelliferous plant grows wild in Egypt and has long been used, in the form of a decoction, as a diuretic and to promote the removal of renal calculi. Karam Samaan showed that extracts of it caused relaxation of plain muscle, and studied the active principles responsible for this effect. Anrep's interest had been aroused (1945) because an Egyptian member of his technical staff was using this drug for renal colic and it seemed also to relieve pain due to angina pectoris. Anrep and his colleagues found that it caused prolonged dilatation of the coronary vessels of a dog and sug gested that it might be used clinically in the prophylaxis or treatment of angina pectoris. Gorgi Barsoum travelled abroad and demonstrated the effect in heart-lung preparations and various pharmaceutical firms became inter ested. The alkaloid khellin was recognized to be the main active principle. Its structure has been determined (2-methyl-5,8-dimethyloxyfuranochromone) and it is available for general use. Favourable reports have been published, but critical tests have so far failed to establish its value in angina pectoris. It may prove of value in the treatment of asthma. (1933) , Fellow of the Biological Society, Vienna (1934) , Fellow of the Roumanian Academy of Medicine (1934) , Honorary Fellow of the Harvey Society, New York (1935) , Fellow of the Cooper Lane Medical Association, St Francisco (1935) and Fellow of the Medical Association of Latin American States (1935) .
Such honours meant little to him. He had no respect for the conventions of society and was happy only in his laboratory, driven on by an almost religious passion for the discovery of the truth. 
